In 1996, the University of Washington refined the application of program "RealTime" to improve the precision and accuracy of in-season predictions of the run-timing of the summer outmigration of wild Snake River subyearling chinook at Lower Granite Dam. The objective of the project was to predict and report in real-time the "percent run-to-date" and "date to specified percentiles" of the outmigration, based on the Fish Passage Center's (FPC) passage index. The algorithms were altered to better reflect the wild subyearling chinook outmigration timing and the nature of the passage index data. Basing predictions on historical years with similar flows were also investigated as a way to improve forecasting performance. Two groupings of the historical years were explored: one using all historical years with data available (1991)(1992)(1993)(1994)(1995) 
The following report addresses measure 4.3C of the 1994 Northwest Power Planning Council's Fish and Wildlife Program with emphasis on improved monitoring and evaluation of smolt migration in the Columbia River Basin. In this report, further application of using statistical program RealTime to predict the migration status and trend of the summer-outmigration of wild subyearling chinook at Lower Granite Dam is presented. It is hoped that making these real-time predictions and supporting data available on the Internet for use by the Technical Management Team (TMT) and members of the fisheries community will contribute to effective in-season population monitoring and assist in-season management of river and fisheries resources. Having the capability to more accurately predict smolt outmigration status should improve the ability to match flow augmentation to the migration timing of ESA listed and other salmonid stocks and should also contribute to the regional goal of increasing juvenile passage survival through the Columbia River system. iv
Abstract
In 1996, the University of Washington refined the application of program "RealTime" to improve the precision and accuracy of in-season predictions of the run-timing of the summer outmigration of wild Snake River subyearling chinook at Lower Granite Dam. The objective of the project was to predict and report in real-time the "percent run-to-date" and "date to specified percentiles" of the outmigration, based on the Fish Passage Center's (FPC) passage index. The algorithms were altered to better reflect the wild subyearling chinook outmigration timing and the nature of the passage index data. Basing predictions on historical years with similar flows were also investigated as a way to improve forecasting performance. Two groupings of the historical years were explored: one using all historical years with data available (1991) (1992) (1993) (1994) (1995) and one that had years with environmental conditions during the outmigration period similar to 1996 (1993 and 1995) . Flow level (high) was selected as an indicator of similar environmental conditions. 2. Predict and report in real-time the "percent run-to-date" and "date to specified percentiles" of wild subyearling chinook outmigration at Lower Granite Dam, based on the Fish Passage Center's (FPC) passage index 1 .
3. Post on-line Internet-based predictions on outmigration status and trends to improve in-season population monitoring information available for use by the Technical Management Team and the fisheries community to assist river management.
Accomplishments
Some adjustments had to be made to program RealTime algorithms in 1996, following 1995 when the program was first applied to wild subyearling chinook passage indices at Lower Granite
Dam. The equations were altered to reflect the wild subyearling chinook outmigration timing and the nature of the passage index data. Basing predictions on historical years with similar flows were also investigated as a way to improve forecasting performance. Both objectives were accomplished for the Lower Granite Dam passage index provided by the Fish Passage Center. On-line run-timing predictions were provided via the Internet to the fisheries community throughout the smolt outmigration.
Findings
The 1996 prediction performance was significantly improved over the program's performance in 1995. Further investigation into the Fish Passage Center's historical database of the wild subyearling chinook passage index at Lower Granite Dam provided additional historical years for use 1 . The FPC wild subyearling chinook fish passage indices at Lower Granite Dam are a mixture of wild fall chinook and small spring/summer chinook salmon, but are presumed to represent primarily fall chinook passage. Prior to 1993, some unknown faction of hatchery produced spring/summer chinook were likely also included in the index. From 1993 on, all hatchery-produced chinook released in the Snake River Basin have been fin-clipped to confirm their origin and distinguish them from ESA listed stocks. vi as a basis for determining the subyearling outmigration distribution. Two groupings of historical years were explored: one using all historical years with data available (1991) (1992) (1993) (1994) (1995) and one that had years with environmental conditions during the outmigration period similar to 1996 (1993 and 1995) . Flow level (high) was selected as an indicator of similar environmental conditions.
The mean absolute deviance 1 
Management Implications
The ability to accurately predict the outmigration status of the wild subyearling chinook salmon population at different locations in the Federal Columbia River Power System (FCRPS) can provide valuable information to assist water managers in optimizing operational and fish passage strategies to maximize benefits to smolt survival. As ambient river conditions effecting 1. Mean absolute deviance is the average absolute difference between the predicted proportion and the observed proportion of the outmigration distribution, calculated over the days in the outmigration. vii smolt survival change in-season, it is important for water managers to be able to assess the risks to the migrating populations so that adequate actions to protect weak, listed and endangered stocks can be taken. Providing run-timing predictions in real-time contributes to effective monitoring, evaluation and adaptive management and improves the information available to water managers and the fisheries community to better manage river and fisheries resources.
Recommendations
Results from the 1996 prediction of run-timing of the summer-outmigration of Snake River wild subyearling chinook at Lower Granite Dam suggest improvements that can be made to the RealTime program in the future. Both groupings of years proved to be fairly equivalent in prediction accuracy, providing an improved forecast and smaller confidence intervals over the 1995 predictions. The advantage provided by using only similar-flow years over using all the historical years available as a baseline was small, decreasing the prediction MAD by only 0.51 across the season and by 1.43 for the last half of the season. The increase in prediction accuracy is further mitigated by the fact that it appears to be the exclusion of the oldest historical data which provided the better forecast rather than the inclusion of only similar-flow years. Additionally, there has not been any research showing conclusive evidence of a flow-travel time relationship to Lower Granite Dam for the wild subyearling chinook (Connor 1994b and Giorgi and Schlechte 1997; OWICU 1996; Smith et al. 1997) . Therefore, it is recommended that all of the more recent historical years (1991) (1992) (1993) (1994) (1995) (1996) Tables   Table  Page   1 The total passage index numbers of wild subyearling chinook salmon detected at Lower Granite Dam, 1985 Dam, -86, 1991 Dam, -1996 RealTime (PIT Forecaster) has been used to make daily predictions of the "percent run-to-date" and "date to specified percentiles" for a number of individual streams included in the National Marine Fisheries Service (NMFS) ecological significant unit (ESU) for Snake River wild yearling spring/summer chinook (Townsend et al. 1995 (Townsend et al. , 1996a (Townsend et al. , 1997 .
In addition, in 1995, the feasibility of using program RealTime to predict the general status and trend of the summer outmigrations of Snake River wild subyearling chinook at Lower Granite
Dam was investigated (Townsend et al. 1996b) . While information on the migrational characteristics of wild subyearling chinook are more limited than that of the wild spring/summer chinook in the Snake River system, some data on migrational timing have recently been collected and reported (Connor et al. , 1994a (Connor et al. , 1994b Giorgi and Schlechte 1997; OWICU 1996; Smith et al. 1997) . Because only minimal PIT-tagging of naturally-produced wild fall subyearling chinook occurs in the Snake River system due to low stock abundance, program RealTime was altered to use the daily passage index of wild subyearling chinook Lower Granite Dam provided by the Fish Passage Center(FPC) rather than Lower Granite Dam PIT-tag detections, to characterize run-timing of summer migrants. The program's algorithms were adjusted, as the migrating behavior of subyearling chinook differs from spring/summer yearling chinook (Nelson et al. accepted; Rondorf et al. , 1994a Rondorf et al. , 1994b Rondorf et al. , 1996 Connor et al. 1992, in-preparation-a,b,c; Garcia et al. in preparation; Tiffan et al. in preparation-a,b) .
This report presents a post-season analysis of the results from the second year of using pro- 
Methods

Description of Data
The outmigration of wild subyearling chinook from the passage indices at Lower Granite 
Prediction Models
The Least Squares (LS) method is a variation of the prediction method used for the for the spring/summer wild yearling chinook outmigration, incorporating release-recapture information and a measure of the age of the run (number of days from the start of the outmigration to the present, weighted by the number of fish observed per day) into its prediction algorithm. This approach has been shown to be more accurate and provides a more robust predictor than leastsquares or simple release-recapture alone.
Least-Squares (LS) Algorithm
For a given day in the run, the LS algorithm computes the predicted percentage ( ) of the outmigration by finding the value of that minimizes the estimated error according to historical run data. The error is a weighted combination of the least-squares (LS) error, the release-recapture (RR) error, and the age-of-run (AR) error. Weighting depends on the age of the run and the quality of the historic data for the given stream. In the 1994 post-season analysis of the RealTime program using PIT tagged smolt, the release-recapture method was shown to be a better predictor at the beginning of a run, deteriorating as time progressed. On the other hand, the least-squares method started poorly, but became a better predictor as the run progressed. To combine these two methods, the release-recapture algorithm prediction is heavily weighted initially, with weight shifted to the LS method over time. The initial weighting of the RR error also depends on the consistency of release-recapture history for the selected stream or river composite.
Least-Squares (LS) Error
The least-squares error (LSE) for each is summed over the historical years for which data are available. The current run is smoothed using 3, 5-day smoothing passes to filter out statistical randomness. The same smoothing is done to the initial percent of each historical year. Each outmigration pattern is divided into 100 equal portions and the slopes over each corresponding interval are computed. The sum of squares for a prediction compares the slopes for the current year ( ) versus the respective slopes for the initial percent of the historical years ( ). The total squared error for each predicted percentage of outmigration is calculated according to the formula:
where s oj = observed slope at the jth percentile (j = 0, ..., p) for the current year of prediction, s ij = slope at the jth percentile (j = 0, ..., 100) for the first p percent of the ith historical year (i = 1, ..., n), and w ij = weight for the jth percentile for the ith historical year.
For example, letting = 30%, the present run will be compared to the first 30% of the outmigra- 
., n).
The effect of is to give more weight to the errors generated in the tails of the distribution, where the slopes tend to be flat and the number of days between each percentile point are high.
Less weight is given to the mid-season, when large numbers of fish detected on a daily basis will create a steep slope in the cumulative distribution. The total sum of the weights adds to one.
Release-Recapture (RR) Error
For spring/summer PIT-tagged smolt, the Release-Recapture method made predictions of run timing by using the total recapture proportion observed in a previous year and then assuming that same proportion to be observed again in the present year. Wild subyearling chinook present the problem that the total "released" is not known. Instead, the total number observed passage index the previous year is used as an estimate of the total passage index predicted for the present year (Table 1) 
The prediction is assigned the least amount of error (RRE( ) = 1) when it is equal to and more error (RRE( ) > 1) the further is from .
Age-of-Run (AR) Error
For the age-of-the-run method, the prediction was the historical proportion observed on a given day of outmigration for a specified historical year.
(4) where = proportion of outmigration passed on day d for historical year y.
For a given day of run, the proportion predicted is given by the proportion observed in the index year on that day of the run (e.g. for a run estimated to be in its 15th day, the percentage passed by day 15 in a historical run is the estimated present percentage observed). This method was very unstable as historical patterns did not support a day-for-day matching in smolt migration through the years. On the other hand, the mean age of the run, weighted by the cumulative number of fish observed per day, appeared to offer further information and be more robust year to year. The mean fish-run-age (MFRA) is calculated for each p of the last historical outmigration and the present run by 
where:
fish d = number of fish observed on day d, n = total number of days until the cumulative proportion p of the total smolt outmigration has been observed.
The present year's MFRA is matched to each historical year's MFRA. The historical observed p corresponding to the matching MFRA is the predicted from that year.
The Age-of-Run error (ARE) associated with this prediction is the ratio of the present run mean fish-run-age ( ) and the predicted percentage mean fish-run-age ( ):
This gives the prediction from the AR algorithm the least amount of error, with more error the further is from .
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Calculation of the Total Error
An error is computed for each (0-100) by combining the three algorithms by:
ARE( ) = age-of-run error for from Eq. 6, LSE( ) = least squares error for from Eq. 1, MFRA = mean fish-run-age for the present run from Eq. 5, RR = predicted proportion of observed present smolt outmigration from Eq. 2, and RRE( ) = release-recapture error for from Eq. 3.
The MFRA in Eq. 6 also serves the purpose of shifting the weighting of the errors from the release-recapture algorithm to the least-squares algorithm as the age of the run increases. The constants were found by heuristically adjusting the equation and observing program prediction performance for historical outmigration data. The program selects the with the minimal calculated error.
Calculation of Performance of Program RealTime Across the Season
The results presented in Table 2 contain the mean absolute deviance (MAD) of the LS prediction for the observed 1996 data. The MAD is calculated by the formula: The methods are compared three ways: the MAD over the entire run, the MAD over the first half of the run (i.e. cumulative run to the 50%), and the MAD over the last half of the run.
Results
Two groupings of historical years were investigated for basis of the 1996 predictions, both groupings showing significant improvement over the program's performance in 1995. One group used all historical years (AHY) available data (1991) (1992) (1993) (1994) (1995) 
Discussion
The improvement in performance during the first half of the outmigration for both the AHY grouping and the 9395Y grouping over the 1995 RealTime results is reasonably due to the alteration in program RealTime's algorithms to "start" the wild subyearling outmigration with the first smolt observed 1 June or after. Prior to 1 June, the sampling rates at Granite Dam are low, during which a few smolt detections tend to be adjusted to represent a relatively large number of fish passing through Lower Granite at the time. In addition, some of these early arrivals may be small wild spring/summer chinook, which cannot be visually differentiated from wild subyearling chinook (Connor et al. in-preparation-a, OWICU 1996) . The proportion of yearling to subyearling in formance. The effort to "pick and choose" similar historical years is a subjective decision. Furthermore, while migrational timing, duration, magnitude and survival have been shown to be influenced by environmental conditions such as flow, temperature and turbidity (Connor 1994b and Giorgi and Schlechte 1997; OWICU 1996; Smith et al. 1997 ), there has not been any consistent research results showing conclusive evidence of a flow-travel time relationship for wild subyearling chinook to Lower Granite Dam. Therefore, it is recommended for future years to use all of the more recent historical data agreed upon by OWICU (1996) as reliable in basing our outmigration forecasts. The years 1991-1996 are more similar in not only biological regimes, but also in monitoring methodology, record-keeping and scientific terminology, all of which are sources of unintended variation confounding the search for an annual outmigration pattern. 
